Glycogen synthase kinase 3beta is activated by cAMP and plays an active role in the regulation of melanogenesis.
In human and mouse, cAMP plays a key role in the control of pigmentation. cAMP, through the activation of protein kinase A, increases the expression of microphthalmia-associated transcription factor (MITF), which in turn stimulates tyrosinase gene expression, to allow melanin synthesis. Beyond this simplified scheme, cAMP inhibits phosphatidylinositol 3-kinase (PI3K), and inhibition of PI3K, by a specific inhibitor, stimulates melanogenesis. However, the link between the PI3K pathway and melanogenesis remained to be elucidated. In this report, we showed that cAMP, through a protein kinase A-independent mechanism, led to inhibition of AKT phosphorylation and activity. Consistent with the role of AKT in the regulation of glycogen synthase kinase 3beta (GSK3beta), cAMP decreased the phosphorylation of GSK3beta and stimulated its activity. Further, experiments were performed to investigate the role of GSK3beta in the regulation of MITF expression and function. We observed that GSK3beta regulated neither MITF promoter activity nor the intrinsic transcriptional activity of MITF but synergized with MITF to activate the tyrosinase promoter. Additionally, lithium, a GSK3beta inhibitor, impaired the response of the tyrosinase promoter to cAMP, and cAMP increased the binding of MITF to the M-box. Taking into account that GSK3beta phosphorylates MITF and increases the ability of MITF to bind its target sequence, our results indicate that activation of GSK3beta by cAMP facilitates MITF binding to the tyrosinase promoter, thereby leading to stimulation of melanogenesis.